Background: Few prospective studies have examined cancer incidence among vegetarians. Objective: We report cancer incidence among vegetarians and nonvegetarians in the European Prospective Investigation into Cancer and Nutrition-Oxford (EPIC-Oxford) study. Design: This was a prospective study of 63,550 men and women recruited throughout the United Kingdom in the 1990s. Cancer incidence was followed through nationwide cancer registries. Results: The standardized incidence ratio for all malignant neoplasms for all participants was 72% (95% CI: 69%, 75%). The standardized incidence ratios for colorectal cancer were 84% (95% CI: 73%, 95%) among nonvegetarians and 102% (95% CI: 80%, 129%) among vegetarians. In a comparison of vegetarians with meat eaters and after adjustment for age, sex, and smoking, the incidence rate ratio for all malignant neoplasms was 0.89 (95% CI: 0.80, 1.00). The incidence rate ratio for colorectal cancer in vegetarians compared with meat eaters was 1.39 (95% CI: 1.01, 1.91). Conclusions: The overall cancer incidence rates of both the vegetarians and the nonvegetarians in this study are low compared with national rates. Within the study, the incidence of all cancers combined was lower among vegetarians than among meat eaters, but the incidence of colorectal cancer was higher in vegetarians than in meat eaters.
INTRODUCTION
Few prospective studies have examined cancer incidence among vegetarians. In the United States, results from the Adventist Health Study have suggested that vegetarians have a significantly lower risk of cancers of the colon and prostate than do nonvegetarians, but that the risk of breast cancer does not differ significantly between these dietary groups (1) . In Britain, results from the Oxford Vegetarian Study suggested no large difference in the incidence of colorectal cancer between vegetarians and nonvegetarians (2) , whereas the UK Women's Cohort Study suggested that women who do not eat any meat have a lower risk of breast cancer than do meat eaters (3) . A pooled analysis of mortality rates in 5 prospective studies, including the Adventist Health Study and the Oxford Vegetarian Study, suggested no large differences in cancer mortality between vegetarians and nonvegetarians (4) . We report here on cancer incidence in vegetarians and nonvegetarians in the European Prospective Investigation into Cancer and Nutrition-Oxford (EPIC-Oxford) cohort (5) .
SUBJECTS AND METHODS

Recruitment of subjects
The EPIC-Oxford cohort is one component of the EPIC, a collaborative study of 500,000 men and women in 10 European countries (6) . The EPIC-Oxford cohort was recruited between 1993 and 1999. Further details of the recruitment methods and the baseline characteristics of the participants were described elsewhere (5) .
Two methods of recruitment were used: general practice (GP) recruitment and postal recruitment. A multicenter research ethics committee approved the protocol. EPIC nurses working in GP offices in Oxfordshire, Buckinghamshire, and Greater Manchester performed recruitment from the general population through GPs. All men and women aged 35-69 y on the list of each collaborating GP were invited to participate. Questionnaires were mailed to consenting participants, and appointments were made to attend the GP's office for an interview with the nurse, who took measurements and a blood sample and checked the completed questionnaire. In addition, a pilot recruitment phase was conducted by collaborating GPs in Scotland who recruited 900 women aged 40-59 y from those attending the surgery for other reasons such as minor ailments and menopausal symptoms. The GP method recruited 7423 participants.
Postal recruitment, aimed at those aged 20 y, was designed to recruit as many vegetarians and vegans as possible. The main questionnaire was mailed directly to all members of the Vegetarian Society of the United Kingdom and all surviving participants in the Oxford Vegetarian Study (7) . Respondents were invited to give names and addresses of relatives and friends who might also be interested in receiving a questionnaire. In addition, a short questionnaire (or insert) was distributed to all members of the Vegan Society, enclosed in health-or diet-interest magazines, and displayed on counters of health food shops. The main questionnaire was then mailed to all those who returned an insert. These postal methods recruited 58,042 participants.
Diet group, food and nutrient intakes
Participants were categorized into 1 of 4 diet groups according to their replies to 4 questions: Do you eat meat? Do you eat fish? Do you eat dairy products? Do you eat eggs? For each of these 4 questions, participants were asked to reply yes or no, and, if they replied no, to record their age when they last ate the food group concerned. From these 4 questions, 4 diet groups were established: meat eaters (those that eat meat), fish eaters (those that do not eat meat but do eat fish), vegetarians (those that do not eat meat or fish but do eat dairy products or eggs or both), and vegans (those that eat no animal products); because of the small number of cancers among vegans, in this article the vegans are included in the vegetarian category. For the women recruited in the pilot phase of the study, and the first 1300 men and women recruited by EPIC nurses, these 4 dietary categorization questions were not asked, and diet group was assigned according to responses provided in the food-frequency questionnaire (described next).
Participants completed a food-frequency questionnaire, based on that used in the US Nurses' Health Study (8) , modified for use in the United Kingdom (9) . Each participant estimated his or her average frequency of intake of 130 foods and drinks over the previous 12 mo: never or 
Nondietary characteristics
Self-reported height and weight were recorded in the main questionnaire, except for the first 2215 participants recruited by a GP or nurse for whom only height and weight measured by the nurse were recorded. These data were used to calculate body mass index (BMI; in kg/m 2 ). Participants were further characterized according to their smoking habits and alcohol consumption, and they were also asked to report if any of a list of specified diseases or conditions had been diagnosed, and to give details of prescribed medication for any condition.
Follow-up
All participants who could be traced were followed by record linkage with the UK's National Health Service Central Register, which provides information on cancer diagnoses and all deaths.
Statistical analysis
The analyses were restricted to participants aged 20-89 y at recruitment with known smoking characteristics and for whom diet group was unambiguous. Standardized incidence ratios (SIRs) for vegetarians and nonvegetarians were calculated from incident cancers before age 90 by comparison with contemporary cancer incidence data for England (12) ; the SIR is the ratio of the observed number of cancers to the number of cancers expected from the national rates, standardized for age and sex, and expressed as a percentage. Cox regression was used to calculate incidence rate ratios (IRRs) for cancers of the colorectum, female breast, prostate, ovary, lung, and all malignant neoplasms combined, comparing cancer incidence rates among participants with no prior malignant cancer for various factors, including diet group. The proportional hazards assumption was tested by the method of Grambsch and Therneau (13) . This showed nonproportionality of the hazards for men and women in the analysis of all malignant neoplasms, and accordingly we chose to stratify the analyses by sex when appropriate, rather than adjusting for this variable. Therefore, our analyses were stratified by sex and method of recruitment and adjusted for smoking, with age as the underlying time variable. Smoking was categorized as never smoker, former smoker, light smoker, or heavy smoker: heavy smokers were those smoking 15 cigarettes/d; light smokers were all other current smokers, including pipe or cigar smokers; and never smokers were those who have never smoked 1 cigarettes/d for 1 y. Statistical significance was set at the 5% level, and 95% CIs were calculated for both the SIRs and IRRs. All statistical analyses were conducted with the use of STATA statistical software, release 9 (StataCorp, College Station, TX).
RESULTS
Standardized Incidence Ratios
The SIRs for 63,550 participants in the EPIC-Oxford study aged 90 y at recruitment who were followed by record linkage, with known diet group, and living in an area covered by the cancer registries of Great Britain, for various incident cancers before age 90 up to 31 December 2005 are shown in Table 1 . There were 2707 incident cancers overall. The SIRs for stomach cancer were significantly less than 100% in both diet groups and overall. For colorectal cancer, the SIR was significantly less than 100% in nonvegetarians and overall but not in vegetarians (SIR: 102%; 95% CI: 80%, 129%). The SIRs for pancreatic cancer were ,100% and were significant for nonvegetarians and overall, and the SIRs for lung cancer were significantly less than 100% in both diet groups and overall. For cancers of the female breast and ovary, none of the SIRs differed significantly from 100%, and for prostate cancer the SIRs were significantly more than 100% for nonvegetarians and overall. For all malignant neoplasms, the SIRs were significantly less than 100% in both diet groups and overall (SIR: 72%; 95% CI: 69%, 75%).
Cancer rates in relation to smoking, BMI, alcohol consumption, and vegetarian diet
The analyses comparing the characteristics and cancer incidence rates of vegetarians and nonvegetarians are based on 52,706 participants aged 20-89 y at recruitment with known smoking characteristics and diet group and who did not have a prevalent malignant neoplasm (except for nonmelanoma skin cancer) and whose address was in an area covered by the cancer registries in Great Britain. The characteristics of these participants are given in Table 2 . Thirty-two percent of participants were vegetarians and about three-quarters were women. Median age at recruitment was 11 y younger in the vegetarians than in the nonvegetarians. Smoking rates were low overall, with only 10% of vegetarians and 12% of nonvegetarians reporting that they were smokers at the time of recruitment. Median BMI was 1.2 lower in vegetarians than in nonvegetarians, and median alcohol consumption was 0.6 g/d lower in vegetarians than in nonvegetarians. Among the meat eaters, median intakes of meat were 78.1 and 69.7 g/d in men and women, respectively (not shown in Table 2 ). Median intakes of milk were higher in nonvegetarians than in vegetarians, whereas median intakes of cheese, vegetables, and fruit were higher in vegetarians than in nonvegetarians. Information on diet group '5 y after baseline was available for 67% of participants, and, among these, 89.6% of vegetarian men and 83.8% of vegetarian women still reported that they were vegetarians.
The IRRs for smoking, BMI, alcohol consumption, and dietary group in relation to the commonest cancers are shown in Table 3 . There were 2179 incident cancers before age 90 among these participants up to 31 December 2005. Smoking increased the incidence of lung cancer (IRR for heavy smokers: 87.3; 95% CI: 37.8, 202) and of all malignant cancers combined (IRR: 1.52; 95% CI: 1.25, 1.85). BMI was significantly associated with the incidence of breast cancer, with an IRR of 0.65 (95% CI: 0.47, 0.89) among women with a BMI ,20 in comparison with women with a BMI of 20-22.4. BMI was not significantly associated with any of the other cancer sites examined. Alcohol consumption was not significantly associated with the incidence of cancers of the colorectum, breast, or prostate or with all malignant neoplasms combined, but for prostate cancer there was an increased risk of borderline statistical significance for men consuming 8 g alcohol/d, and for ovarian cancer there was a significantly lower risk among women consuming 8 g alcohol/d.
Comparing vegetarians with nonvegetarians, the risk of colorectal cancer was significantly higher among vegetarians (IRR: 1.49; 95% CI: 1.09, 2.03), whereas the risk of the other cancer sites examined did not differ significantly between vegetarians and nonvegetarians. The risk of all malignant neoplasms was nonsignificantly lower in vegetarians than in nonvegetarians (IRR: 0.93; 95% CI: 0.83, 1.04).
When risks were compared between meat eaters, fish eaters and vegetarians, significant heterogeneity was observed between these groups for the risks of colorectal cancer, lung cancer, and all malignant neoplasms. The risk of colorectal cancer was nonsignificantly lower in fish eaters and significantly higher in vegetarians than in meat eaters (IRR: 1.39; 95% CI: 1.01, 1.91), and the risk of lung cancer was significantly lower in fish eaters than in meat eaters. The risk of all malignant neoplasms was lower among fish eaters (0.83; 95% CI: 0.71, 0.96) and vegetarians (0.89; 95% CI: 0.80, 1.00) than among meat eaters, although the latter result was not statistically significant (P ¼ 0.052).
DISCUSSION
The overall cancer incidence in the EPIC-Oxford study is lower than the national average. The incidence of lung cancer is particularly low (SIR: 32%) because of the low prevalence of smoking; 13% of men and 11% of women were current smokers at recruitment, compared with 22% of men and 23% of women in the Health Survey for England 2004 (14). The incidence of colorectal cancer overall was 13% lower than the national rate, but among vegetarians it was almost identical to the national rate. The incidence rates for breast cancer and ovarian cancer were not significantly different from the national rates, and the incidence of prostate cancer was 25% higher than the national rate.
Total cancer incidence was significantly lower among fish eaters and borderline significantly lower among vegetarians than among meat eaters. The difference in total cancer incidence between meat eaters and non-meat eaters could not be ascribed to any one of the major cancer sites examined. We are not aware of other data comparing total cancer incidence in meat eaters and non-meat eaters, and the cause of this small difference is not known. More data are needed to further our understanding of this observation, which, if confirmed, is likely to be due to differences for specific cancer sites.
The 2007 report from the World Cancer Research Fund, American Institute for Cancer Research, concluded that the evidence that high intakes of red and processed meat cause colorectal cancer is convincing, but that there was no convincing evidence that high intakes of red or processed meat were causally associated with any other type of cancer (15) . A significant positive association between red meat consumption and the risk of colorectal cancer has also been observed in a subsequent large prospective study (16) , as well as in the whole EPIC-Europe cohort (17) .
In previous prospective studies of vegetarians, a lower risk of colon cancer (rectal cancer was not reported) was observed among vegetarians compared with nonvegetarians in the Adventist Health Study (1), but there was no significant difference in the incidence of colorectal cancer between vegetarians and nonvegetarians in the Oxford Vegetarian Study (2) , and no difference in mortality from colorectal cancer between vegetarians and nonvegetarians was observed in the collaborative analysis of 5 prospective studies (4). Our observation that the incidence of colorectal cancer is higher among vegetarians than among meat eaters in the EPIC-Oxford study is surprising; this difference might be partly due to chance and speculatively might be related to other dietary differences between the groups. For breast cancer, no significant difference in incidence between vegetarians and nonvegetarians was observed in the Adventist Health Study or in the EPIC-Oxford study [including a previous analysis of our data (18)], and no consistent differences in incidence or rates of mortality from other common cancers have been observed between vegetarians and nonvegetarians (1, 4) . This is a study of comparisons, and the results depend on the comparison group. In the comparisons within the cohort, the vegetarians were compared with all nonvegetarians or with meat eaters. Meat intake among the meat eaters was only moderate, with median intakes of 78.1 g/d in men and 69.7 g/d in women; these The differences in sex, age, smoking status, BMI, and alcohol consumption were statistically significant between nonvegetarians and vegetarians, P , 0.001.
2 Heavy smokers included those who smoked 15 cigarettes/d; light smokers included all other current smokers, including pipe or cigar smokers; and never smokers included those who never smoked 1 cigarette/d for 1 y. 3 Categories or values were unknown for some participants at follow-up. 4 Median; interquartile range in parentheses (all such values). Adjusted for smoking. BMI was unknown for some subjects (an unknown category is added to ensure that all observations contribute to the analysis, but results for this category are not shown, and the tests for heterogeneity relate to the known categories).
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Adjusted for smoking.
intakes are much lower than those reported in the National Diet and Nutrition Survey for the United Kingdom (19) . Consumption of vegetables and fruit was higher among vegetarians than among nonvegetarians, but the differences were not large (,20%). Thus, if high intakes of meat had an adverse effect and high intakes of fruit and vegetables had a beneficial effect, the relatively low meat intake and high fruit and vegetable intake of the nonvegetarians in this cohort could reduce the chance of observing lower cancer rates in the vegetarians than in the nonvegetarians. Furthermore, the results may be influenced by residual confounding because of measurement error in the assessment of confounding factors, and by confounding by unknown factors. A potential weakness of this type of study is the accuracy of the assessment of vegetarian status. Diet group was assigned on the basis of the answer to 4 questions, asking specifically about whether participants ever ate meat, fish, dairy products, and eggs. However, when diet group was assigned on the basis of answers to the same 4 questions in a follow-up questionnaire 5 y later, most participants were allocated to the same diet group as at recruitment. Furthermore, cross-sectional analyses have shown that the selfreported vegetarians have a lower prevalence of obesity (20) and also lower plasma concentrations of vitamin B-12 (21), longchain n23 (omega-3) fatty acids (22) , and phytanic acid (23) .
In conclusion, both the vegetarians and the nonvegetarians in the EPIC-Oxford study have a low total cancer incidence compared with the national average. The incidence of all malignant neoplasms combined was lower among vegetarians and fish eaters than among meat eaters, but the incidence of colorectal cancer was significantly higher among vegetarians than among nonvegetarians. (Other articles in this supplement to the Journal include references 24-50.) We thank the participants in the EPIC-Oxford study. The authors' responsibilities were as follows-TJK and NEA: study concept and design, recruited the cohort, and drafted the manuscript; PNA: performed the statistical analysis and drafted and revised the manuscript; EAS and RCT: interpreted the epidemiologic and nutritional results and followed the cohort; and AWR: performed statistical interpretation and revised the manuscript. TJK is a member of the Vegan Society. The other authors had no conflicts of interest.
